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DETAILED ACTION 



Allowable Subject Matter 

The indicated allowability of claims 2-8 and 1 1 is withdrawn in view of the newly 
discovered reference(s) to Khan et al (US Patent 6,690,042) and Cachier et al, US 
Patent 5,715,897. Rejections based on the newly cited reference(s) follow. 

Claim Rejections - 35 USC §112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter, which the applicant regards as his invention. 



2. Claims 3, 6, 8, 12, 14, 22-24, and 26 are rejected under 35 U.S.C. 112, 
second paragraph, as being Indefinite for failing to particularly point out and 
* distinctly claim the subject matter which applicant regards as the invention. 



3. Regarding claims 3, 6, 12, 14, 24 and 26, the term "about" is a relative term, 
which renders the claim indefinite. The tern/'term" is not defined by the claim, the 
specification does not provide a standard for ascertaining the requisite degree, and one 
of ordinary skill in the art would not be reasonably apprised of the scope of the 
invention. Examiner is unsure as to what specific value or range of values would be 
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acceptable in the use of the term "about " (for example, in claim 26, which recites that 
the collector finger width is "about 2 ^m", would collector finger widths of 3 ^m, 1 ^m or 
15 i^m meet this limitation?). 

4. Regarding claim 8, the limitation "anneal is perfonned post-bake metallization" is 
recited in the 2""^ line of this claim. There is insufficient antecedent basis for this 
limitation in the claim because claim 22, on which claim 8 is dependent, has failed to 
mention a post-bake metallization. Examiner is unsure if the anneal is the post-bake 
process of if there is a post-bake process, then the annealing. 

5. Regarding claim 22, the phrase "directionally etching to remove silicon nitride on 
planes parallel to the n+ GaN quasi-substrate layer" in claim 22 is a relative phrase 
which renders the claim indefinite. The phrase " directionally etching to remove silicon 
nitride on planes parallel to the n+ GaN quasi-substrate layer " is not defined by the 
claim, the specification does not provide a standard for ascertaining the requisite 
degree, and one of ordinary skill in the art would not be reasonably apprised of the 
scope of the invention. It is unclear as to what direction the etching is to take place on 
the silicon nitride layer. While the claim states the directional etching to remove the 
silicon nitride occurs on planes parallel to the n+ GaN layer, it is unclear as to which 
n+GaN plane the claims are refening. 
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6. Regarding claim 23, the limitation "the emitter ohmic metallization layer" is 
recited In first line of the claim. There is Insufficient antecedent basis for this limitation 
in the claim because claim 22, on which claim 23 is dependent, has failed to mention 
the ohmIc metallization layer is for the emitter. 

7. Claims 1 and 22 rejected under 35 U.S.C. 112, second paragraph, as being 
Incomplete for omitting essential steps, such omission amounting to a gap 
between the steps. See IVIPEP § 2172.01. 

The omitted steps are the forming the n- GaN layer and the steps that explain 
which n* GaN layer is being referred for the following limitations" "opening an window 
for collector fingers using E-beam lithography", "depositing an ohmic metallization layer 
over the window for the collector fingers", "liftlng-off ohmic metallization, thereby forming 
the collector fingers", "opening a window for a self-aligned base recess using optical 
lithography", opening a window for a collector contact pad, using optical lithography", 
"depositing a high quality silicon nitride layer over the window for a collector contact 
pad", and "lifting-off or wet chemical etching the high quality silicon nitride layer, thereby 
forming a silicon nitride collector contact pad". 
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Claim Objections 

1. Claims 1 and 22 are objected to because of the following informalities. 
Appropriate correction is required. 

2. Claims 1 and 22 recite a limitation of "etching to recess a base layer to an n- 
GaN quasi-substate layer grown on the n'' GaN quasi substrate layer". However, prior 
to this recitation, there has not been a recitation of the existence of an n" GaN layer on 
the n"^ GaN quasi-substrate. 

3. Claims 1 and 22 recite a limitation concerning the formation of ohmic 
metallization layer, which has caused some confusion as to which semiconductor layer 
this metallization is being fabricated upon. From the claim language, one may deduce 
that the ohmic metallization is being performed for the formation of the collector contact 
layer, as shown in figure 1B. 

However, it is unclear as to which semiconductor layer this ohmic metallization is 
being conducted to or upon. While figure 1b shows a collect contact layer formed on a 
second n^ GaN layer, this second n"^ GaN layer is not the same as the first n*" GaN layer 
that has been referred to earlier in the claim because the second n'' GaN layer is grown 
by molecular beam epitaxy (MBE) instead of HVPE, which is how the first n* GaN layer 
was grown (see Applicant's Specification, paragraph 8). Examiner is requesting the 
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clarification as to which n^ GaN layer is being referred to for each of the processing 
steps. 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the Invention was made. 

2. Claims 1, 3-6, 9, 10, and 12-14 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Vaudo et al, US Patent 6,156,581 in view of Kawai et al, US 
Patent 5,929,467, Romankiw, US Patent 4,224,361, Parikh et al, US Patent 
Application 2003/0015708, Cheng et al, US Patent 5,215,619, Khan et al, US Patent 
6,690,042 and Cachier et al, US Patent 5,175,597. 

3. Regarding claim 1 , Vaudo teaches a method for fabricating an etched grooved 
GaN-based permeable-base transistor device, comprising of a hydride vapor phase 
epitaxy (HVPE) grown n+ GaN quasi-substrate (column 6, lines 50-51, column 12, lines 
51-60) and forming collector fingers 192. 



Application/Control Number: 10/532,456 Page 7 

Art Unit: 2823 

Vaudo fails to teach opening a window for helium implantation on a GaN layer, 
using optical lithography, implanting helium on the GaN layer over the window for 
helium implantation, so as to provide an insulating layer for contact pads of the device, 
opening a window for collector fingers using E-beam lithography, depositing an ohmic 
metallization layer over the window for the collector fingers, lifting-off ohmic 
metallization to form the collector fingers, opening a window for a self-aligned base 
recess using optical lithography, and etching to recess a base layer to an n- GaN layer 
grown on the n+ GaN layer, wherein the etching is performed with a ramp down in 
chuck bias voltage, opening a window for a collector contact pad, using optical 
lithography depositing a high quality silicon nitride layer over the window for a collector 
contact pad, and lifting off or wet etching the high quality silicon nitride layer, thereby 
forming a silicon nitride collector contact pad. 

Kawai teaches opening a window for helium implantation on a GaN layer, using 
optical lithography (column 4, lines 10-15 and column 5, lines 33-36) and implanting 
helium on the GaN layer over the window for helium implantation, so as to provide an 
insulating layer for contact pads 17 (figure 5) of the device (column 5, lines 33-36 figure 
8) because in addition to the ability to form an insulating layer for a contact pad, 
selective implantation of helium into a substrate is performed as a method for formation 
of insulating separating portion, which can also serve to separate the FET from other 
devices. 
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It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Kawai with that of Vaudo because in addition to the ability to 
form an insulating layer for a contact pad, selective implantation of helium into a 
substrate is performed as a method for formation of insulating separating portion, which 
can also serve to separate the FET from other devices. 

Vaudo and Kawai fail to teach opening a window for collector fingers using E- 
beam lithography, depositing an ohmic metallization layer over the window for the 
collector fingers, and lifting-off ohmic metallization to form the collector fingers, opening 
a window for a self-aligned base recess using optical lithography; and etching to recess 
a base layer to an n- GaN quasi-substrate layer grown on the n+ GaN quasi-substrate 
layer, wherein the etching is performed with a ramp down in chuck bias voltage, 
opening a window for a collector contact pad, depositing a high quality silicon nitride 
layer over the window for a collector contact pad, and lifting off or wet etching the high 
quality silicon nitride layer, thereby forming a silicon nitride collector contact pad. 

Romankiw teaches opening a window 50 for collector fingers using E-beam 
lithography 52, depositing an ohmic metallization layer 25 over the window for the 
collector fingers, and lifting-off ohmic metallization to form the collector fingers (figures 
3a-3c and column 5, lines 22-30) as a simple, conventionally-known technique that is 
used to deposit metallic layers onto a substrate. 
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It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Romankiw with that of Vaudo and Kawai as a simple, 
conventionally known technique that is used to deposit metallic layers onto a substrate. 

Vaudo, Kawai, and Romankiw fail to teach opening a window for a self-aligned 
base recess using optical lithography; and etching to recess a base layer to an n- GaN 
quasi-substrate layer grown on the n+ GaN quasi-substrate layer, wherein the etching is 
performed with a ramp down in chuck bias voltage, opening a window for a collector 
contact pad, depositing a high quality silicon nitride layer over the window for a collector 
contact pad, and lifting off or wet etching the high quality silicon nitride layer, thereby 
forming a silicon nitride collector contact pad. 

Parikh teaches opening a window for a self-aligned base recess using optical 
lithography and etching to recess a base layer to an n- GaN quasi-substrate layer 52 
grown on the n+ GaN quasi-substrate layer 53 ([0049, 0004-0013] Note: Parikh teaches 
the use of a dry etch, RIE, to etch the base layer. It is well-known in the art that RIE 
etching uses a photoresist with an opening window that is used to designate in which 
areas the etching process is to take place) as a method of forming a GaN base layer, 
which provides for a low on-state voltage, a desirable trait for diodes, without increasing 
the reverse leakage current, an undesirable trait. 
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It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Parikh with that of Vaudo, Kawai, and Romankiw as a method 
of forming a GaN base layer, which provides for a low on-state voltage, a desirable trait 
for diodes, without increasing the reverse leakage current, an undesirable trait. 

Vaudo, Kawai, Romankiw, and Parikh fails to teach the etching is performed with 
a ramp down in chuck bias voltage, opening a window for a collector contact pad, 
depositing a high quality silicon nitride layer over the window for a collector contact pad, 
and lifting off or wet etching the high quality silicon nitride layer, thereby forming a 
silicon nitride collector contact pad. 

Cheng teaches the etching is performed with a ramp down in chuck bias voltage 
(column 10, lines 5-12) when the magnetic field in the etching chamber is increased, 
which reduces the ion bombardment of the wafer and reduces device damage. 

It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Cheng with that of Vaudo, Kawai, Romankiw, and Parikh 
because decreasing the RF power and subsequent bias voltage reduces the ion 
bombardment of the wafer and reduces device damage. 

Vaudo, Kawai, Romankiw, Parikh, and Cheung fail to teach opening a window for 
a collector contact pad, depositing a high quality silicon nitride layer over the window for 
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a collector contact pad, and lifting off or wet etching the high quality silicon nitride layer, 
thereby forming a silicon nitride collector contact pad. 

Khan teaches teach opening a window for a collector contact pad, depositing a 
high quality silicon layer 36 over the window for a collector contact pad, and lifting off or 
wet etching the high quality silicon layer, thereby forming a silicon collector contact pad 
(column 3, lines 35-40. column 4, lines 34-55) as a layer that provides high quality 
passivation and significantly reduces the reverse leakage. 

It would be obvious to one of ordinary skill in the art at the time the invention was 
made to combine the teachings of Khan with that of Vaudo, Kawai, Romankiw, Parikh, 
and Cheung because a silicon passivation layer between the ohmic contact and the 
semiconductor substrate provides high quality passivation and significantly reduces the 
reverse leakage. 

Vaudo, Kawai, Romankiw, Parikh, Cheung, and Khan fail to teach the silicon 
layer is a silicon nitride layer. 

Cachier teaches a silicon layer is a silicon nitride layer (column 9, line 64 to 
column 10, lines 5) as a layer to passivate the exposed channels and sides of the 
permeable-based transistor. Silicon nitride is the preferred passivation layer because it 
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does not allow contaminants such as sodium ions to penetrate the layer, unlike silicon 
dioxide. 

It would be obvious to one of ordinary skill in the art at the time the invention was 
made to combine the teachings of Cachier with that of Vaudo, Kawai, Romankiw, 
Parikh, Cheng, and Khan because silicon nitride is the preferred passivation layer 
because it does not allow contaminants such as sodium ions to penetrate the layer, 
unlike silicon dioxide. 

4. Regarding claim 3, Khan teaches the silicon nitride layer is deposited over the 
window for helium implantation via plasma enhanced chemical vapor deposition 
(column 4, lines 45-49. Note, while Khan does not teach a silicon nitride layer, Cachier 
teaches that a silicon nitride passivation layer that may be substituted for silicon dioxide 
since silicon nitride is a better passivation layer). 

Vaudo, Kawai, Romankiw, Parikh, Cheung, Khan and Cachier fail to the silicon 
nitride layer is about 1000-2000 Angstroms thick. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
that the dimensions are for a particular unobvious purpose, produce an unexpected 
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result, or are otherwise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are othen/vise 
critical. See, for example. In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

5. Regarding claim 4, Khan teaches opening a window for Ti metallization of the 
collector contact pad using optical lithography and depositing Ti over the window for Ti 
metallization of the collector contact pad, thereby forming a Ti collector contact pad 
(column 51-56). 

Khan fails to teach a lift-off process. 

Romankiw teaches the use of a lift-off process (figures 3a-3c and column 5, lines 
22-30) as a simple, conventionally known technique that is used to deposit metallic 
layers onto a substrate. 

6. Regarding claim 5, Khan teaches opening a window for a second TI metallization 
of the collector contact pad using optical lithography, depositing Ti over the window for 
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the second Ti metallization of the collector contact pad, thereby forming a Ti cap over 
the collector contact pad. 

Khan fails to teach a lift-off process. 

Romankiw teaches the use of a lift-off process (figures 3a-3c and column 5, lines 
22-30) as a simple, conventionally known technique that is used to deposit metallic 
layers onto a substrate. 

7. Regarding claim 6, Khan teaches depositing Ti over the window for Ti 
metallization of the collector contact pad includes depositing Ti/Au using E-beam 
evaporation (column 4, lines 50-56). 

Vaudo, Kawai, Romankiw, Parikh, Cheung, Khan and Cachier fail to teach 
depositing Ti/Au at thicknesses of about 500 Angstroms/ 1000 Angstroms, respectively. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are othenA^ise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
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dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are othenvise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F,2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc.. 
725 F.2d 1338. 220 USPQ 777 (Fed. Cir. 1984), cert, denied. 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669. 149 USPQ 47 (CCPA 1966). 

8. Regarding claim 9. Parikh further teaches opening an emitter etch/contact 
window using optical lithography [0049] and the n+ GaN quasi-substrate layer. 

Parikh fail to teach etching an emitter recess to the quasi-substrate layer, 
depositing an emitter ohmic metallization layer over the etched emitter recess, and 
lifting-off emitter ohmic metallization, thereby forming an emitter contact pad. 

However, Romankiw further teaches etching an emitter recess to the quasi- 
substrate layer, depositing an emitter ohmic metallization layer over the etched emitter 
recess, and lifting-off emitter ohmic metallization, thereby forming an emitter contact 
pad (figures 3a-3c and column 5, lines 22-30). 

9. Regarding claim 10. Kawai further teaches the emitter ohmic metallization layer 
Includes at least one of titanium, aluminum, nickel, and gold (column 4, lines 5-9). 
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10. Regarding claim 12, Vaudo, Kawai, Romankiw, Parikh, Cheung, Khan and 
Cachier fail to teach the helium implantation Is achieved with an implant depth of about 
2 ^im. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are othenwise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are othenMse 
critical. See, for example. In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

1 1 . Regarding claim 1 3, Romankiw further teaches the ohmic metallization layer 
over the window for the collector fingers Is Ti/Ni (column 1, lines 60-67). 

Vaudo, Kawai, Romankiw, Parikh, Cheung, Khan and Cachier fail to teach the 
collector fingers with thicknesses of 100A and 400A, respectively. 
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However, It would have been an obvious matter of design choice bounded by 
well l^nown manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are otherwise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

12. Regarding claim 14, Vaudo further teaches the device has a plurality of collector 
fingers having a finger pitch betweeni: 1 and 1:3 (evenly spaced. See figure 15). 

Vaudo, Kawai, Romankiw, Parikh, Cheung, Khan and Cachier fail to teach the 
collector fingers about 0.2 jam wide. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
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that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are otherwise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
RInehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830. 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

13. Claim 21 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Parilch et al, US Patent Application 2003/0015708 in view of Cheng et al, US Patent 
5,215,619 and Previti-Kelly, US Patent 5,006,488. 

14. Regarding claim 21, Parikh teaches a method for fabricating an etched 
grooved GaN-based pemneable-base transistor device, comprising of opening a window 
for a base recess, opening a window for RF test pad metallization using optical 
lithography, depositing RF test pad metallization layer, thereby providing RF test pads 
55a ([0049] Note: Parikh teaches the use of a dry etch, RIE, to etch the base layer. It is 
well-known in the art that RIE etching uses a photoresist with an opening window that is 
used to designate in which areas the etching process is to take place); and etching to 
recess a base layer to an n- GaN quasl-substrate layer 53 grown on the n+ GaN quasi- 
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substrate layer 52. In addition, Parikh teaches the formation of ohmic metal contacts 
55a, 55b. These contacts could then be connected to a test pads and connected to a 
testing apparatus to determine if the transistor works by sending RF power to the 
transistor). 

Parikh fails to teach the etching is performed with a ramp down in chuck bias 
voltage and forming the test pad metallization by a lift-off process. 

However, Cheng teaches the etching is performed with a ramp down in chuck 
bias voltage (column 10, lines 5-12) when the magnetic field in the etching chamber is 
increased, which reduces the ion bombardment of the wafer and reduces device 
damage. 

It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Cheng with that of Parikh because decreasing the RF power 
and subsequent bias voltage reduces the ion bombardment of the wafer and reduces 
device damage. 

Parikh and Chang fail to teach forming the test pad metallization by a lift-off 
process. 
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Previti-Kelly teaches forming the test pad metallization by a lift-off process 
(figures 1-4) as a commonly employed method for better selectivity deposition for 
metallic deposition. 

It would be obvious to one of ordinary skill in the art at the time the invention was 
made to combine the teachings of Previti-Kelly with that of Parikh and Chang because a 
lift-off technique is a commonly employed method for better selectivity deposition for 
metallic deposition. 

15. Claims 22-26 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Vaudo et al, US Patent 6,156,581 in view of Kawai et al, US Patent 5,929,467, 
Romankiw, US Patent 4,224,361, Parikh et al, US Patent Application 2003/0015708, 
Cheng et al, US Patent 5,215,619, and Cachier et al, US Patent 5,175,597. 

16. Regarding claim 22, Vaudo teaches a method for fabricating an etched grooved 
GaN-based permeable-base transistor device, comprising of a hydride vapor phase 
epitaxy (HVPE) grown n+ GaN quasi-substrate (column 6, lines 50-51, column 12, lines 
51-60) and forming collector fingers 188, and depositing a base metallization layer, 
thereby forming a base contact pad 196. 

Vaudo fails to teach opening a window for helium implantation on a GaN layer, 
using optical lithography, implanting helium on the GaN layer over the window for 
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helium implantation, so as to provide an insulating layer for contact pads of the device, 
opening a window for collector fingers using E-beam lithography, depositing an ohmic 
metallization layer over the window for the collector fingers, lifting-off ohmic 
metallization to form the collector fingers, opening a window for a self-aligned base 
recess using optical lithography, etching to recess a base layer to an n- GaN layer 
grown on the n+ GaN layer, wherein the etching is performed with a ramp down in 
chuck bias voltage, depositing a conformal silicon nitride for passivation of the recessed 
base layer, directionally etching to remove the silicon nitride layer on planes parallel to 
the n+ GaN quasi-substrate layer, and forming the base contact by a lift-off process. 

Kawai teaches opening a window for helium implantation on a GaN layer, using 
optical lithography (column 4, lines 10-15 and column 5, lines 33-36) and implanting 
helium on the GaN layer over the window for helium implantation, so as to provide an 
insulating layer for contact pads 17 (figure 5) of the device (column 5, lines 33-36 figure 
8) because in addition to the ability to form an insulating layer for a contact pad, 
selective implantation of helium into a substrate is performed as a method for formation 
of insulating separating portion, which can also serve to separate the FET from other 
devices. 

It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Kawai with that of Vaudo because in addition to the ability to 
form an insulating layer for a contact pad, selective implantation of helium into a 
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substrate is performed as a method for formation of insulating separating portion, which 
can also serve to separate the FET from other devices. 

Vaudo and Kawai fail to teach opening a window for collector fingers using E- 
beam lithography, depositing an ohmic metallization layer over the window for the 
collector fingers, and lifting-off ohmic metallization to form the collector fingers, opening 
a window for a self-aligned base recess using optical lithography, etching to recess a 
base layer to an n- GaN quasi-substrate layer grown on the n+ GaN quasi-substrate 
layer, wherein the etching is performed with a ramp down in chuck bias voltage, 
depositing a conformal silicon nitride for passivation of the recessed base layer, 
directionally etching to remove the silicon nitride layer on planes parallel to the n+ GaN 
quasi-substrate layer, arid forming the base contact by a lift-off process. 

Romankiw teaches opening a,window 50 for collector fingers using E-beam 
lithography 52, depositing an ohmic metallization layer 25 over the window for the 
collector fingers, and lifting-off ohmic metallization to form the collector fingers forming 
the base contact by a lift-off process (figures 3a-3c and column 5, lines 22-30) as a 
simple, conventionally-known technique that is used to deposit metallic layers onto a 
substrate. 
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It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Romankiw with that of Vaudo and Kawai as a simple, 
conventionally known technique that is used to deposit metallic layers onto a substrate. 

Vaudo, Kawai, and Romankiw fail to teach opening a window for a self-aligned 
base recess using optical lithography, etching to recess a base layer to an n- GaN 
quasi-substrate layer grown on the n+ GaN quasi-substrate layer, wherein the etching is 
performed with a ramp down in chuck bias voltage, depositing a conformal silicon nitride 
for passivation of the recessed base layer, directionally etching to remove the silicon 
nitride layer on planes parallel to the n+ GaN quasi-substrate layer. 

Parikh teaches opening a window for a self-aligned base recess using optical 
lithography and etching to recess a base layer to an n- GaN quasi-substrate layer 52 
grown on the n+ GaN quasi-substrate layer 53 ([0049, 0004-0013] Note: Parikh teaches 
the use of a dry etch, RIE, to etch the base layer. It is well-known in the art that RIE 
etching uses a photoresist with an opening window that is used to designate in which 
areas the etching process is to take place) as a method of forming a GaN base layer, 
which provides for a low on-state voltage, a desirable trait for diodes, without increasing 
the reverse leakage current, an undesirable trait. 

It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Parikh with that of Vaudo, Kawai, and Romankiw as a method 
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of forming a GaN base layer, which provides for a low on-state voltage, a desirable trait 
for diodes, without increasing the reverse leakage current, an undesirable trait. 

Vaudo, Kawal, Romanklw, and Parikh fail to teach the etching is performed with 
a ramp down in chuck bias voltage, depositing a conformal silicon nitride for passivation 
of the recessed base layer, directionally etching to remove the silicon nitride layer on 
planes parallel to the n+ GaN quasi-substrate layer. 

Cheng teaches the etching is performed with a ramp down in chuck bias voltage 
(column 10, lines 5-12) when the magnetic field in the etching chamber is increased, 
which reduces the ion bombardment of the wafer and reduces device damage. 

It would be obvious to one of ordinary skill in the art at the time of the invention to 
combine the teachings of Cheng with that of Vaudo, Kawal, Romankiw, and Parikh 
because decreasing the RF power and subsequent bias voltage reduces the ion 
bombardment of the wafer and reduces device damage. 

Vaudo, Kawai, Romankiw, Parikh, and Cheng fail to teach depositing a conformal 
silicon nitride for passivation of the recessed base layer, directionally etching to remove 
the silicon nitride layer on planes parallel to the n+ GaN quasi-substrate layer. 
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Cachier teaches depositing a conformal silicon nitride 23 for passivation of the 
recessed base layer and directionally etching to remove the silicon nitride layer on 
planes parallel to the n+ GaN quasi-substrate layer (column 9, line 64 to column 10, 
lines 5) to passivate the exposed channels and sides of the permeable-based transistor. 
Silicon nitride is the preferred passivation layer because it does not allow contaminants 
such as sodium ions to penetrate the layer, unlike silicon dioxide. 

It would be obvious to one of ordinary skill in the art at the time the invention was 
made to combine the teachings of Cachier with that of Vaudo, Kawai. Romankiw, 
Parikh, and Cheng because silicon nitride is the preferred passivation layer because it 
does not allow contaminants such as sodium ions to penetrate the layer, unlike silicon 
dioxide. 

17. Regarding claim 23, Vaudo teaches the emitter ohmic metallization layer 
includes at least one of titanium, aluminum, nickel, and gold (column 18, line 33). 

18. Regarding claim 24, Vaudo, Kawai, Romankiw, Parikh, Cheng, and Cachier fail 
to teach the helium implantation is achieved with an implant depth of about 2 ^m. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
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that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are otherwise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example. In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

19. Regarding claim 25, Vaudo, Kawai, Romankiw, Parikh, Cheng, and Cachierfail 
to teach the ohmic metallization over the window for the collector finger us Ti/Ni with a 
thickness of 100 Angstroms and 400 Angstroms, respectively. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are otherwise critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are othen/vise 
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critical. See, for example. In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
RInehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

20. Regarding claim 26, Vaudo further teaches the device has a plurality of collector 
fingers having a finger pitch betweeni: 1 and 1:3 (evenly spaced. See figure 15). 

Vaudo, Kawai, Romankiw, Parikh, Cheng, and Cachier fail to teach the device 
has a plurality of collector fingers about 0.2 ^m wide. 

However, it would have been an obvious matter of design choice bounded by 
well known manufacturing constraints and ascertainable by routine experimentation and 
optimization to choose these particular dimensions because applicant has not disclosed 
that the dimensions are for a particular unobvious purpose, produce an unexpected 
result, or are othenAnse critical, and it appears prima facie that the process would 
possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are othenvise 
critical. See, for example. In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
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725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey. 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

21. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Vaudo, Kawai, Romankiw, Parikh, Cheng, and Cachier as applied to claim 22 
above, and further in view of Bhatnagar et al, US Patent 5,895,260. 

22, Regarding claim 8, Vaudo, Kawai, Romankiw, Parikh, Cheng, and Cachier fail to 
teach an anneal is performed post-bake metallization so as to provide the base contact 
pad with low reverse current leakage and low contact resistance. 

Bhatnagar teaches an anneal is performed post-bake metallization so as to 
provide the base contact pad with low reverse current leakage and low contact 
resistance (with the anneal being the post bake metallization process, column 3, lines 
62-67) as part of the process used in order to form an ohmic contact with the substrate 

It would be obvious to one of ordinary skill in the art at the time the invention was 
made to combine the teachings of Bhatnagar with that of Vaudo, Kawai, Romankiw, 
Parikh, Cheng, and Cachier because annealing is conducted during semiconductor 
formation because high temperature annealing may recrystallize the damage structure 
in areas to the.point that they would no longer be highly resistive. 



Application/Control Number: 10/532,456 Page 29 

Art Unit: 2823 

Response to Arguments 

Applicant's arguments witli respect to claims 1, 3-6, 8-14, and 21-26 have been 
considerecl but are moot in view of the new ground(s) of rejection. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. US Patent Application Publication 2003/0151046, issued to Brar 
et al; US Patent 5,571,732, issued to Liu; US Patent 5,270,554, issued to Palmour; US 
Patent 4,510,016, issued to Chi et al; US Patent Application Publication 2002/0190273; 
and Calviello, US Patent 4,701,996. 

Any inquiry conceming this communication or earlier communications from the 
examiner should be directed to Quovaunda Jefferson whose telephone number is 571- 
272-5051. The examiner can normally be reached on Monday through Friday, 7AM to 

3:30PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Infomiation Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated infonmation 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

QVJ 
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